Pistacia atlantica fruit oil has been used for a long time by local populations for culinary and medicinal purposes. In this study, the fatty acid composition and tocopherol content were determined in twelve samples of P. atlantica fruit oil at three stages of maturation (immature, intermediate maturity and mature) collected in three different sites from the region of Laghouat. The results indicated a significant difference between the oil of mature fruits (green and black) and the immature ones (light red), which were distinguished by richness in unsaturated fatty acids and tocopherols. The oil from fruits of intermediate maturity (dark red) seems to combine these properties with those of the mature group, including oil yields. Such data emphasize the value of this oil, which needs further investigation.
Fruits of Pistacia atlantica Desf. are widely consumed by the local population as a nutriment. The oil extracted from the fruit is usually used in traditional medicines against several diseases, such as inflammation [1] . Several works have revealed that plants constitute a major source of natural bioactive compounds, including essential oil [2, 3] . Among these plants, P. atlantica has a great value because of the antioxidant activity of its extracts [4, 5] , the composition of its fruit oil [6, 7] , its flavonoid content [8] and its anti-cancer activities [9] . All these virtues explain its diverse uses by local populations.
There are no data available on the variation of the composition of P. atlantica fruit oil, according to the degree of maturation. The aim of this work was the study of the fatty acid and tocopherol composition of the oil extracted from P. atlantica fruits, stemming from several sites in Laghouat, according to the degree of maturation. Such an approach could supply useful and exploitable information for possible applications.
Oil obtained from P. atlantica mature fruits has a clear yellow color with a pleasant smell, whereas, oil of immature fruits gives a green color with a very pleasant smell. Results of oil content are shown in Table 1 . The oil content varies considerably according mainly to the maturation degree. Indeed, the highest yields (from 27.7% to 46.1 %) were obtained from mature fruits (green or black) compared with immature ones (p0.001). Fruits of intermediate maturity have medium oil content (20.1% and 35.0%). Our results are similar to those reported for P. lentiscus [10, 11] . It seems from our results that the accumulation of oil in P. atlantica fruits occurs during maturation.
Nine fatty acids commonly found in vegetable oils were detected in the oil of P. atlantica fruits (Table 2) . Palmitic acid (C16:0) was the most predominant saturated fatty acid. It represents between 13.9 % and 21.9 % for the immature fruits, and between 22.1 % and 25.7 % for the mature fruits. Stearic (C18:0), myristic (C14:0) and arachidic (C20:0) acids were found, but in a lower proportion. Concerning the unsaturated fatty acids, palmitoleic, oleic, linoleic and linolenic acids were found in all the oils. They represent a total percentage from 72.7 to 75.8 for the mature fruits, and from 75.9 to 83.7 for the immature fruits. Oleic acid, and in second place linoleic acid, were the most predominant unsaturated fatty acids. Their proportions were slightly higher in the oil of immature fruits. It should be noted that the ratio of unsaturated fatty acids to saturated fatty acids was significantly higher in immature fruit oil compared with the mature ones (p0.05). This ratio was also elevated in samples with intermediate maturity (Table 2) . These results are comparable with those reported for P. lentiscus, in particular concerning linoleic acid [10, 11] . The high level of unsaturated fatty acids in P. atlantica fruit oil makes it a dietary nutriment.
In spite of the nutritional importance of tocopherols [12, 13] , their content and composition in P. atlantica seed oils remain unknown. Tocopherols analysis was performed for eleven samples. Figure 1 shows chromatograms of three samples (with different maturation degrees) from the same tree. Peaks corresponding to tocopherol NPC Natural Product Communications 2015 Vol. 10 No. 10 1723 -1728 isomers were identified by co-injection with commercial standards. α-Toc, γ-Toc and δ-Toc were detected, but β-Toc only in trace amounts. The other peaks most probably correspond to tocotrienols (more polar than tocopherols), which were attributed by comparison with chromatograms obtained under similar conditions by Kamal-Eldin et al. [14] and Nielsen and Hansen [15] .
The quantification of tocopherols by liquid chromatography was based on an external standard method using α-tocopherol. The results are expressed as mg α-tocopherol equivalents per 100 g of oil. Results are presented in Table 3 . Total tocopherol content shows differences between individuals and groups (immature fruits, fruits with intermediate maturity and mature fruits). We note a significant difference between the two main groups (mean value Samples   G1  DR1  LR1  G2  DR2  LR2  G3  LR3  G4  LR4  B1 Fluorescence response (mVolts) The predominant tocopherols in P. atlantica fruit oil were α-and γ-tocopherol with values ranging from 7.5 to 32.6 mg/100 g and from 10.1 to 34.8 mg/100 g, respectively. Their amounts were slightly higher in immature fruit oil. δ-Tocopherol was detected in all samples, but in low amounts. Its amount was significantly elevated in immature fruit oil (p0.05). The proportion of γ-tocopherol was slightly elevated in mature fruits and the one of intermediate maturity (52.57.9% and 51.816.7%, respectively). To our knowledge, this is the first time that all tocopherols of P. atlantica fruit oil have been analyzed on a polar silica column, which allows for a good separation not only for the four isomers but also the corresponding tocotrienols ( Figure 1 ). It seems that there is a difference between the studied groups concerning tocotrienol isomers, but a study of tocotrienol composition is necessary to confirm these observations Saber-Tehrani et al. studied the tocopherol composition of Iranian P. atlantica cold pressed oil using a C-18 Lichrospher RP-100 apolar column and they reported that α-tocopherol was largely the most predominant [16] . Ours results on P. atlantica seem to be similar to those of Matthäus and Özcan for P. terebinthus [17] . P. atlantica fruit oil appears to be richer in tocopherols (particularly in the immature stage) than other food vegetable oils such as sunflower oil (67 mg/100 g) and olive oil (20 mg /100 g) [18] . This richness would supply to the oil beneficial properties. Indeed, tocopherols, notably α-tocopherol, not only have a protective effect on cells against oxidative stress, inflammatory response, lipid peroxidation and cancer, but contribute to the natural protection and conservation of the oil against oxidative deterioration [12, 13, 17, 19] . We should not neglect the anticancer, antidiabetic and cardioprotective effect of tocotrienols, which are now clearly demonstrated [20] . Thus, the study of these compounds in P. atlantica fruit oil is of a great interest.
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The results of both studies, i.e., fatty acids and tocopherols, allowed us to establish the dissimilarity dendrograms for these compounds using the XLStat software and literature data reported for other oils [18, [21] [22] [23] [24] [25] . Dendrograms are shown in Figure 2 .
The fatty acids composition of P. atlantica fruit oil showed a similarity with vegetable oils of high dietary value such as olive oil and peanut oil (Figure 2A ). Concerning tocopherols ( Figure 2B ), the dendrogram indicated two main groups: the first contains oils where α-Toc was largely the most predominant, such as olive oil, sunflower oil and palm oil; the second includes oils with substantial amounts of both α-and γ-Toc, such as rapeseed oil and corn oil. P. atlantica fruit oil seems to belong to this latter group.
According to the maturation stage, the dendrogram showed that our oil could be divided into two distinct subgroups. One subgroup was represented by the immature fruit oil, which was characterized by richness in both α-and γ-Toc. The second was composed of mature fruit oils and those of intermediate maturity that was slightly dominated by γ-over α-Toc. This observation should be confirmed by further investigations.
Finally, we can say that our work has brought very interesting and original preliminary results supporting the fact that P. atlantica fruit oil before full maturity might be a healthy diet and a valuable source of non-toxic natural bioactive molecules.
However, further studies are needed for the assessment of the biological activities of these compounds.
Experimental
Plant material: Pistacia atlantica fruits were collected in August and September 2011 at 3 different sites from the region of Laghouat. After air-drying in the shade at room temperature for one week, 12 samples were used for this study. These samples were divided into 3 groups according to the maturation degree revealed by the skin color. It is important to note that fruit maturation does not take place in an identical way for the same tree. Indeed, there are fruits which finish their maturation prematurely and others later.
In that case it is not surprising to find mature fruits at the beginning of August and immature fruits at the end of September. The characteristics of samples are shown in Table 4 . 1726 Natural Product Communications Vol. 10 (10) 2015
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Fruit oil from Pistacia atlantica at three stages of maturation Natural Product Communications Vol. 10 (10) 2015 1727 Oil extraction: The fruits (100 g) were milled into powder using a manual mill and extracted with n-hexane (150 mL) by stirring at room temperature for 48 h. Samples were then dehydrated with anhydrous sodium sulfate and filtered. The solvent was evaporated under reduced pressure using a rotary evaporator at 40°C. The dried crude oils were stored at +4°C until use.
Fatty acids methyl ester preparation and gas chromatography (GC) analysis:
Fatty acid methyl esters (FAMEs) were prepared by refluxing 0.5 g of oil samples with 25 mL of 0.5% sodium methylate solution for 20 min. After cooling, 50 mL of distilled water and 25 mL of n-hexane were added to the mixture. The organic phase that contains FAMEs was then recovered, washed and dried over anhydrous sodium sulfate. After filtration and evaporation of n-hexane, FAMEs were purified by flash chromatography over silica gel as stationary phase and chloroform as the mobile phase.
FAMEs were analyzed on a Chrompack CP 9002 gas chromatograph equipped with a split-splitless mode injection system, flame ionization detector (FID) and a DB23 capillary column (30 m x 0.32 mm i.d., 0.32 µm film thickness). Oven temperature was in isotherm mode (250°C). Injector and detector temperatures were set at 250°C. Nitrogen was used as carrier gas at a flow rate of 1 mL/min. The injection volume was 1 µL. The fatty acids were identified by comparison of their retention times with those of pure standards.
Tocopherol analysis:
Prior to HPLC analysis, 35 mg of seed oil was diluted with 1 mL n-hexane and 20 μL of the solution was injected. Tocopherols were analyzed by HPLC using an Agilent 1290 Infinity apparatus equipped with a Quaternary Pump Model 1260, an automatic liquid sample and a fluorimetric detector (FLD 1260). The detection was set at 295 nm for excitation wavelength and at 330 nm for emission wavelength. The separation column was a SI60 (250 mm x 4.6 mm i.d., 5 µm, Lichrosorb, Merck KGaA Darmstadt, Germany). The mobile phase was n-hexane/isopropanol, 99/1, v/v, in isocratic mode, with a flow rate set at 1 mL/min, during 20 min. Column compartment was set at 25ºC. Commercial standard (α-Toc) and a mixt (α-Toc, β-Toc, γ-Toc and δ-Toc) were co-injected with samples for the identification of tocopherol isomers.
Statistical analysis:
Student's test was used for the statistical comparisons. Differences were considered to be significant at p0.05, p0.01 or p0.001. The dissimilarity dendrograms to compare P.atlantica fruit oil with various vegetable oils were made using XL Stat software.
